Taxonomic studies on developmental stages of Balanus sp. from Karachi (Northern Arabian Sea) by Ghory, Farhana S. & Kazmi, Quddusi B.
Pakistan Journal of Marine Sciences, Vol. 25(1&2), 69-82, 2016.  
 
TAXONOMIC STUDIES ON DEVELOPMENTAL STAGES OF 
BALANUS SP. FROM KARACHI (NORTHERN ARABIAN SEA) 
 
Farhana S. Ghory and Quddusi B. Kazmi 
Marine Reference Collection and Resource Centre, 
University of Karachi, Karachi-75270, Pakistan. 
email: farhanaghory@yahoo.com 
 
ABSTRACT: Present study deal with the identification of nauplius stages of Balanus sp. 
Collected during plankton and sediment sampling from Karachi coast. The stages are 
described, illustrated and compared with available literature. 
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INTRODUCTION 
 
Cirripedes are exclusively marine habitants mostly inhabiting shallow waters. Adults 
live in low intertidal and sub tidal areas, on rocks, pilings, and hard-shelled animals. They 
are usually found in dense aggregations among conspecifics and other fouling organisms. 
Cirripedes are hermaphroditic, few species are gonochoric. Breeding season varies with 
species as well as with local conditions (e.g., water temperature or food availability). 
Cirriped eggs hatch in the nauplius stage which can be easily recognized by the triangular 
shield-shaped carapace. A prominent naupliar eye is present at the centerof the anterior 
end. Other cirripede naupliar characteristics include three pairs of biramous appendages 
and two prominent posterior structures, the dorsal thoracic spine and the ventral furcal 
ramus. After several moults it becomes a bivalve cypris larva before developing into a 
mature adult. There are two suborders Lepadomorpha and Balanomorpha of the order 
Thoracica reported from our coastal waters. Lepadomorpha have a unilobed labrum, 
whereas Balanomorpha possess a trilobite labrum which arecharacteristics unique to each 
other; six naupliar stages are typical of Thoracican (Lang, 1979). 
According to Desai and Anil, 2002naupliar duration for laboratory reared larva was 
two days shorter. The cyprid larval form is unique to cirripedes. The nauplius or median 
eye is present during the cyprid stage and is remodeled into the adult ocelli during 
metamorphosis (Takenaka et al., 1993). A pair of compound eyes are also present which 
are lost during metamorphosis (Hallberg and Elofsson, 1983). 
In the present samples naupliar stages III-VI and a cyprid stage are observed, all are 
referable to Balanus, of the family Balanidae of the suborder Balanomorpha. 
 
MATERIALS AND METHOD 
 
The collections for planktonic specimens were made using Bongo net of 300µ mesh 
size with horizontally attached flow meter in a tow time of 10 minutes from Clifton coast 
(24o47’42”N,  66o59’06”E). Samples were preserved in 5% buffered formalin. 
The sediment samples were collected during low tides from permanent station in Port 
Qasim creek system (24o46’30”N,  67o20’15”E). Sediment sample were sorted in a separate 
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plastic bottle, filtered sea water from the same vicinity was added to each bottle above the 
sand level. For more satisfactory results sieving technique and washing method was 
applied. To extract the fauna from the sand, the sample was stirred and the supernatant 
repeated was drained through a 62µ mesh gauze. The organisms after washing were 
preserved in 5% formaldehyde. Bengal stain was used for microscopic studies. 
Balanidae Leach, 1817 
Within the genus Balanus, larval development is well investigated. The genus Balanus 
has seven planktonic larval stages before transforming into cypris. The cypris is one of the 
most specialized of marine invertebrate larvae (Høeg and Møller, 2006, Maruzzo et al., 
2012), showing little morphological variability across species despite the vast array of adult 
barnacle body plans. 
 
Plate 1. Balanus sp. Naupliar Stage III. 
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RESULTS AND DISCUSSION 
 
Description of the larvae: 
Balanus sp. 
Naupliar Stage III (Fig. 1A - F) 
Size - TL= 0.41mm - 0.45mm  
Diagnostic Features: 
Carapace (Fig.1A).- Carapace convex; frontolateral horns short, bifid; frontal filament 
present; posterior  spine longer than frontal horns; naupliar eye present. 
Antennule (Fig. 1B).- Uniramous; 4-segmented, with 0,1,1+1 and 1subterminaland 4 
terminal plumodenticulate setae, respectively. 
Fig. 1. Balanus sp. Naupliar Stage III: A, entire, dorsal view; B, antennule; C, antenna; D, 
mandible; E, labrum; F, abdominal process. 
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Antenna (Fig. 1C).-Biramous; peduncle with 3 cuspidate and 2 plumodenticulate 
setae; endopod3-segmented with 1 cuspidate,2 ,3 (subterminal) and 3 terminal 
plumodenticulate setae, respectively; exopod6-segmented with 0,2,1,1,1 and 
2plumodenticulate setae, respectively. 
Mandible (Fig. 1D).-Biramous; endopod 4-segmented with 3,1cuspidate, and 2, 
2plumodenticulate setae respectively;exopod4-segmented with 2, 2, 1 and 2 
plumodenticulate setae, respectively. 
Fig. 2. Balanus sp. Naupliar Stage IV: A, entire, dorsal view; B, antennule; C, antenna; D, 
mandible; E, labrum; F, abdominal process. 
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Labrum (Fig. 1E).-Trilobed with several marginal setae. 
Dorsal thoracic spine (Fig. 1F).-Developed,barbed,equal to abdominal process. 
Abdominal processes (Fig. 1F).- Armed with 1 pair  of abdominal spines on eitherside 
of the mid ventral line; 1 pair of trunk spines; terminates in a bifurcated ramus. 
Naupliar  Stage IV (Fig. 2A - F) 
Size.- TL= 0.49mm - 0.53mm  
Diagnostic Features: 
Carapace (Fig. 2A).- Carapace convex; frontolateral horns short, bifid; frontal filament 
present; posterior  spine longer than frontal horns; naupliar eye present. 
Antennule (Fig. 2B).- Uniramous; 4-segmented with 0, 2, 2 and 1subterminal and 3 
terminal plumodenticulate setae,  respectively. 
Antenna (Fig. 2C).-Biramous; peduncle with 1cuspidateseta; endopod 4-segmented 
with 2 cuspidate and 4, 2 , 1, 2 plumodenticulate setae, respectively; exopod 6-segmented 
with 0,1,1,1,1 and 2 plumodenticulate setae,  respectively. 
Mandible (Fig. 2D).-Biramous; peduncle with 1 cuspidate and 1 plumodenticulate 
seta; 3-segmented endopod with 2,2, 2 +3 plumodenticulate setae ,respectively; exopod5-
segmented with 1,1, 1,1,1plumodenticulate setae,respectively. 
Labrum (Fig. 2E).-Trilobed with several marginal setae. 
Dorsal thoracic spine (Fig. 2A).-Developed,barbed. 
Abdominal process (Fig. 2F).- Armed with 1 pair of spines on either side of the mid 
ventral line; 2 pairs of trunk spines;terminates in a bifurcated ramus. 
Naupliar Stage V (Fig. 3A - G) 
Size.- TL= 0. 62mm - 0.65mm  
Diagnostic Features: 
Carapace (Figs. 3A, B).- Carapace convex; frontolateral horns short, bifid; frontal 
filament present; posterior spine longer than frontal horns; naupliar eye present. 
Antennule (Fig. 3C).- Uniramous; 4-segmented with 0,1,2+2 and 2+1and 4 terminal 
plumodenticulate setae, respectively. 
Antenna (Fig. 3D).-Biramous; peduncle with 3 plumodenticulate setae; endopod 2-
segmented with 2 (1 seta + 1 spine)  and 7 plumodenticulate setae, respectively; exopod 8-
segmented with 0,3,1,1,1,1,1 +1 and 3 plumodenticulate setae, respectively. 
Mandible (Fig. 3E).-Biramous; peduncle with 1 spine; 4-segmented endopod with 3 
(2 setae + 1 spine), 3,4 and 4 plumodenticulate setae, respectively; exopod 5-segmented 
with 1,1,1,2 and 1 plumodenticulate setae respectively. 
Labrum (Fig. 3F).-Trilobed with several marginal setae. 
Dorsal thoracic spine (Fig. 3A).-Developed, barbed. 
Abdominal process (Fig. 3G).- Armed with 2 parallel rows of spine on either side of 
the mid ventral line; 3 pairs of trunk spine; tip of abdominal processes folked with 2 furcal 
rami. 
Naupliar Stage VI (Fig. 4A - F) 
Size.- TL= 0.62mm - 0.69mm  
Diagnostic Features: 
Carapace (Fig.4A).- Carapace convex; frontolateral horns short, bifid; frontal filament 
present; posterior spine longer than frontal horns; naupliar eye present. 
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Fig. 3. Balanus sp. Naupliar Stage V: A, entire, dorsal view; B, entire, ventral view; C, 
antennule; D, antenna; E, mandible; F, labrum; G, abdominal process. 
 
Antennule (Fig. 4B).- Uniramous; 4-segmented with 0, 1,3+1, 2+1 and4 terminal 
plumodenticulate setae, respectively. 
Antenna (Fig. 4C).-Biramous; peduncle with 1 plumodenticulate seta; endopod 4-
segmented with 1 cuspidate,2, 3and 4 terminal plumodenticulate setae, respectively; 
exopod8-segmented with 1,1,1,1,1,1,0, and 2 plumodenticulate setae, respectively. 
Mandible (Fig. 4D).-Biramous; peduncle with 3 cuspidate and 1 plumodenticulate 
seta; endopod4-segmented with 1 cuspidate and  2,2,3 and 4 plumodenticulate setae, 
respectively;  exopod8-segmented with 0,1, 1,1,1,1 ,1 and 4 plumodenticulate setae, 
respectively. 
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Labrum (Fig. 4E).-Trilobed with several marginal setae. 
Dorsal thoracic spine (Figs. 4A, F).- Long with small spinules. 
Abdominal process (Fig. 4F).- Armed with 1 pair  of  spines on either side of the mid 
ventral line; 8 pairs of trunk spine; tip of abdominal process forked with 2 furcal rami. 
 
Fig. 4. Balanus sp. Naupliar Stage VI: A, entire, dorsal view; B, antennule; C, antenna; D, 
mandible; E, labrum; F, abdominal process. 
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Fig. 5. Balanus sp. Cypris Stage. A, entire, dorsolateral view; B - G; thoracopod I – IV; H, 
caudal rami. 
 
Cypris Stage 
(Fig. 5A – H) 
Size.- TL= 0.48 - 0.54 mm   
Diagnostic Features: 
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Carapace (Fig. 5A): Bivalved; body divided into two compartments, the cephalon and 
thorax. Gnathopods form an oral cone, which open to the ventral surface of the cephalon.  
Antennules missing. 
Thoracic appendages (Figs. 5B-G): Six pairs of thoracic appendages typical to 
Balanomorph cyprids but completely withdrawn within the posterior mantle cavity after 
preservation. Thoracopods endopods and exopods both 2-segmented. The endopod carries 
a single seta on the proximal segment and 3 setae on the distal segment; the exopod carries 
a short seta laterally and 3 terminal and 1 subterminal setae distally.  
Thoracopods 2- 6 (Figs. 5C - G) have 3-4 setae on the distal segment. 
Caudal rami (Fig.5H):  2-segmented, terminal segment with 5 setae and proximal 
segment with 1 small seta. 
 
Plate. 2. Balanus sp. Cypris Stage. 
DISCUSSION 
The identification of naupliar stages of Balanomorph is based on the setation of 
antennule and the presence of abdominal spines (Miller and Roughgarden,1994). Four 
species of the B. Amphitrite group can be described by the arrangement of setae of antennal 
basal endites (Newman and Ross, 2001).  
Fifteen to sixteen balanids are reported from the coastal areas of Pakistan. None of 
them has been fully described on the basis larvalforms. Although pedunculated and acorn 
barnacles (Thoracica) are celebrated models for invertebrate metamorphosis but there is 
still a surprising scarcity of detailed studies on the topic. 
From Pakistan few works on balanids larvae are published on breeding season of 
Balanus amphitrite by Hasan (1963), on post cypris stages of Conchoderma virgatum var. 
hunteri from offshore waters of Pakistan by Moazzam and Rizvi (1979), on morphology 
of planktonic caught nauplius VI of Lepas and Balanus from offshore waters of Pakistan 
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by Tirmizi and Bano (1997) and unidentified naupliar and cypris stages by Bano and Kazmi 
(2011). 
Present nauplius III - VI and cypris stages were collected through different season. 
The larvae reveal morphological attributes of the genus Balanus, following Brown and 
Roughgarden (1985). The structural characters of the cephalic shield and abdominal 
process, in conjunction with the utilization of the setation formula for antennae, facilitate 
the identification. 
236 specimens were obtained from qualitative plankton hauls and taxonomic studies 
were performed uptill the generic level. These stages can be further verified by culturing 
the adults under laboratory conditions. 
 
Table 2. Comparison between planktonic caught Nauplius III - VI of Balanus sp. 
(present study), with Amphibalanus reticulatus (=Balanusreticulatus) and 
Balanus sp. stage VI off shore. 
 
Nauplius III: 
 
Characters 
Balanus sp. 
present study 
Amphibalanus reticulatus 
Lee et al. (1999) 
Cephalic shield: small 
spine 
absent Present 
Antennule: 
4-segmented with 
0,1,1+1,5 setae 
4-segmented with 
0,1,3,4+1 setae 
Antenna: exopod 
 
6-segmented with 
0,2,1,1,1,2 setae 
6-segmented with 
1,1,1,1,1,2 setae 
Mandible: endopod 
4-segmented with 
3,1,2,2 setae 
2-segmented with 
5+9,3+3 setae 
exopod 
4-segmented with 
2,2,1,2 setae 
5-segmented with 
1,1,1,1,1 setae 
Abdomen: trunk spines 1 pair 3 pairs 
 
Nauplius IV: 
 
Characters 
Balanus sp. 
present study 
A. Reticulatus Lee et al. (1999) 
Cephalic shield: small 
spines 
absent present 
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Antennule: 
4-segmented with 
0,2,2,4 setae 
3-segmented with 
1,3+1,4+1 setae 
Antenna: exopod 
6-segmented with 
0,1,1,1,1,2 setae 
7-segmented with 1,1,1,1,1,1,3 
setae 
Mandible: endopod 
3-segmented with 
2,2,2+3 setae 
2-segmented with 7+7,4+3 
setae 
exopod 
5-segmented with 
1,1,1,1,1 setae 
5-segmented with 1,1,1,1,1 
setae 
Abdomen: 
trunk spines 
2 pairs 3 pairs 
 
Nauplius V: 
 
Characters 
Balanus sp. 
present study 
A.reticulatus 
Lee et al. (1999) 
Cephalic shield: small 
spines 
absent Present 
Antennule: 
4-segmented with 
0,1,2+2,2+1+4 setae 
3-segmented with 
1,2+1,2+2+4 setae 
Antenna: exopod 
6-segmented with 
0,1,1,1,1,2 setae 
8-segmented with 
1,1,1,1,1,1,1,3 setae 
Mandible: endopod 
3-segmented with 
2,2,2+3 setae 
2-segmented with 
7+7,4+4 setae 
exopod 
8-segmented with 
0,3,1,1,1,1,1 +1+3setae 
4-segmented with 
2,1,1,2 setae 
Abdomen: trunk spines 3 pairs 3 pairs + 1 
 
Nauplius VI: 
 
Characters 
Balanus sp. 
present study 
Balanus sp. 
TirmiziandBano 
(1997) 
A.reticulatus 
Lee et al. (1999) 
Cephalic shield: 
small spines 
absent absent Present 
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Antennule: 
4-segmented with 
0,1,3+1,2+1 setae 
4-segmented with 
0,1,2+1,2,2+3+1 
setae 
4-segmented with 
0,1,3+1,2+2+4 
setae 
Antenna: 
exopod 
8-segmented with 
1,1,1,1,1,1,0, 2 setae 
9-segmented with 
1,1,1,1,1,1,1,3 
setae 
9-segmented with 
0,1,1,1,1,1,1,1,1+4 
setae 
Mandible: 
endopod 
4-segmented with 
1+2,2,3,4 setae 
2-segmented with 
2+1+4,4+3 setae 
2-segmented with 
7+10,4+4 setae 
exopod 
8-segmented 
with0,1,1,1,1,1,1,4 
setae 
5-segmented with 
1,1,1,1,2 setae 
6-segmented with 
1,1,1,1,1,1 setae 
Abdomen: 
trunk spines 
8 pairs 7 pairs 6 pairs 
 
The comparison (Table 2) made with the nauplii of A. reticulatus shows that the 
present nauplii neither match with A. reticulatus nor to the description of Balanus sp. given 
by Tirmizi and Bano (1997) and Bano and Kazmi (2011). 
 
Table 3: Comparison between planktonic caught cypris stage of Balanus sp. (present 
study) and Amphibalanus amphitrite. 
 
Cypris Stage: 
 
Characters 
Balanussp. 
(present study) 
A. amphitrite 
GlennerandHoeg (1995) 
Carapace: small setae present pores & setae present 
Thoracopod I: 
endopod 
2-segmented with 1,3 setae 2-segmented with 1,3 setae 
exopod 2-segmented with 1,4 setae 2-segmented with 1,4 setae 
Thoracopods II-VI: 
endopod 
2-segmented with 1,3 setae 2-segmented with 1,3 setae 
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exopod 2-segmented with 1,3-4 setae 
2-segmented with 1,4 -5 
setae 
Caudal rami: 2-segmented with 1,5 setae 2-segmented with 1,5 setae 
 
The cypris stage, as is well known to possess a well-defined buccal mass. This, an 
account of its concealment within the carapace, its small size, and delicate nature, as well 
as the close packing of the component parts, is difficult to make out satisfactorily 
comparison. For cypris stage the present material was compared with that of A. Amphitrite 
(Table 3). Along with the typical characters in literature are also suggested pigmentation, 
size and fine details of carapace eventually distinguishing the stage (Lang, 1979; Miller 
and Roughgarden, 1994; Glenner and Hoeg, 1995 and Lee et al., 1999). Our specimen is 
nearest to A. amphitrite, only one difference is found in exopodal setae of thoracopod 2-6 
(Table 3). Insufficient magnification offered by light microscope most likely accounts for 
variation found in the present material, only the electron microscopy (not applied here) will 
allow the level of morphological details needed for comparative studies on cypris 
morphology. 
The workers who have reared cirripeds in lab are of the opinion that except body size, other 
larval morphological features are not likely to vary between larvae reared in the laboratory 
and those collected from natural plankton (Miller and Roughgarden, 1994). 
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